To compare the pop-up and counter movement jump (CMJ) and to analyse the relationships among the variables between sexes and different ages [under (U16), over (O16) 16 years] in male and female competitive surfers. Eighty-three surfers were divided according to sex, male (n = 55) and female (n = 28), and to age, U16 (n = 47) and O16 (n = 36). Vertical jump and pop-up movements were measured through the vertical ground reaction force with a force plate. CMJ demonstrated that the O16 male group exhibited significantly greater force compared to females in the concentric phase of the jump (CMJ FMAX ) (p < 0.01, ES = 1.82, large). Female U16 and O16 groups presented increased unloading rates in the eccentric phase compared to male surfers (CMJ ULR ) (p < 0.05, ES = 0.73, moderate and p < 0.05, ES = 0.12, trivial, respectively). O16 males obtained significantly greater values than O16 females in the push-up phase (POP PUSH ) (p < 0.05, ES = 0.76, moderate). Moderate correlations were found between lower-body power capacity and the popup (r = 0.32; ± 0.16 CL, p < 0.01, 98.1/1.9/0, very likely, moderate). General and skill-specific strengths are different in competitive male and female surfers, dependent upon their age range. The moderate association between CMJ and pop-up suggests that the pop-up might be influenced by other factors such as coordination or upper-body strength. Therefore, competitive surfers should also train the upper body strength and overall coordination in order to improve the performance of the pop-up movement. CITATION: Fernandez-Gamboa I, Yanci J, Granados C et al. Sex differences in competitive surfers' generic and specific strength capacity. . the different phases of the pop-up in competitive surfers and how this may vary between sexes and with age. Although it is known that anthropometric characteristics [1] and physical conditioning [4] are different between male and female surfers, it is unknown how performance in the specific phases of the pop-up may differ between sexes. Another important feature of competitive surfing is the general lower-body strength [5]. Previous research observed that higher ranked surfers had superior performance in counter movement jumps (CMJ) than lower ranked surfers [5], and elite competitive surfers who had competed in the Australian Nationals or World Junior
INTRODUCTION
Due to the variety of different ocean conditions in which competitions take place, the surfer has to evaluate waves and adapt his or her movements to them [1] . The first movement performed during wave riding is the pop-up [2] . It consists of a rapid transition from lying prone to a standing position on the surfboard, when the wave begins to carry the surfer forward. The execution of the pop-up should not jeopardize the stability of the board, given that excessive forces would compromise its buoyancy. Thus, an efficient pop-up technique allows surfers to have better wave positioning, extended wave riding times, and increased potential to perform more manoeuvres [3] . The popup is broken down into three phases: push-up, leg movement and landing. Two previous investigations have examined vertical ground reaction forces of surfers during this sport-specific movement [2, 3] .
Eurich et al. [3] analysed kinetic parameters exerted by the arms only during the push-off phase. Recently, Parsonage et al. [2] analysed pop-up differences between male and female surfers' isometric and dynamic push-up strength and length of time from chest lift off to front foot contact. However, previous studies have not analysed
Sex differences in competitive surfers' generic and specific strength capacity
Country Surfing Association, as part of the open category three stops tour. The athletes were divided according to sex (male and female) and according to their surfing age division [under (U16) (n = 47) and over (O16) (n = 36) 16 years] ( Table 1) . Participants received a clear explanation of the study, including the risks and benefits of participation, and completed informed consent documents. Moreover, underage participants' written informed consent was required from their legal guardian or parent. The study and its procedures were approved by the institutional review board, met the ethical standards in Sport and Exercise Science Research [8] and were performed in accordance with the Declaration of Helsinki (2013).
Procedures
Anthropometric Characteristics: Participants' stature (cm) was measured with a stadiometer (Holtain Ltd., Crymych, United Kingdom) fixed to the wall and recorded to the nearest 0.1 cm [9] . Body mass (kg) was measured with an electronic scale to the nearest 0.1 kg (Fagor, BB-150, Mondragon, Spain). The body mass index (BMI) was calculated from stature and body mass.
Vertical Jump: Participants performed three counter movement jump (CMJs) interspersed with 45 s recovery periods [10] . The best output of the three jumps was considered for statistical analysis. The CMJ had to be performed with their hands on their hips during the entire jumping activity [11] . The maximal flexion of the knees during this considering that manoeuvres are key elements to maximize scoring potential [7] and that the pop-up is the first movement that a surfer has to perform, it seems reasonable to look into the possible differences between male and female competitive surfers in CMJ vertical ground reaction forces and pop-up characteristics and whether a higher jump capacity can be associated with a better performance in the pop-up. 
MATERIALS AND METHODS

Participants
Eighty-three competitive male (n = 55) and female (n = 28) surfers participated in this study (18.13 phase was required to be approximately 90º [12] . Any jump that did not meet the considered requirements was excluded from the calculations and it had to be repeated. The variables were obtained through a force plate (Kistler, Quattro Jump; Winterthur, Switzerland). Flight time (CMJ FT ) and maximal force (CMJ FMAX ) of the jump were obtained and the maximal peak force (CMJ F1 ) during the landing phase was recorded ( Figure 1 ). For the temporal data, the time to production of CMJ FMAX (CMJ T1 ) and the time to stabilization (CMJ TTS ) were calculated [13] [14] [15] . CMJ TTS was determined during the landing phase, beginning with the first contact of the feet with the ground and ending when the vertical ground reaction force (VGRF) reached and stayed within 5% of the subject's body weight [16] . The peak loading rates of the landing phase were determined (CMJ LR ), as calculated by the ratio between the magnitude of CMJ F1 and the time elapsed from the initial contact of the feet with the ground at the landing phase to the production of these peaks [16] . Similarly, the unloading rate of the landing phase (CMJ ULR ) was determined, as calculated by the ratio between the time elapsed from CMJ T1 to the production and magnitude of the minimum peak produced after the initial contact of the feet with the ground at the landing phase before the CMJ TTS [16] . CMJ FMAX and CMJ F1 were normalized according to the subjects' body weight (BW). CMJ LR and CMJ ULR were normalized according to the participants' body mass (BW·s 1 ).
Pop-Up:
A pop-up was performed over a force platform (Kistler, Quattro Jump; Winterthur, Switzerland) to measure the VGRF during the pop-up execution [3] . Surfers performed three trials interspersed with 45 s recovery periods [10] . The trial where the output of the graph representing the VGRF clearly showed the different phases of pop-up was taken into account for future analysis. That is, the push-up phase peak was represented and the leg movement phase showed a minimum peak. Also when in the landing phase the maximum and minimum peaks were clearly differentiated from each other. Participants were prone on the floor with their chest and shoulders centred over the force platform. Both hands were placed on the force plate with thumbs in line with the armpits. They performed the pop-up movement by straightening their arms explosively and as quickly as possible to lift their body from the push-up position to the squat stance, with both feet under the hips [3] .
The push-up phase begins when the surfer starts pushing the force plate with his hands until the VGRF returns to the surfer's bodyweight. During this phase, there is a VGRF peak that corresponds to the maximum force exerted against the force plate (POP PUSH ). elapsed from POP PUSH ( Figure 2 ) and POP REACH to the production and magnitude of the minimum peaks produced in the push-up phase POP LMF (Figure 2 ) and the landing phase POP RMF (16) . POP PUSH , POP REACH , POP LMF and POP RMF were normalized according to the subjects' body weight (BW) and also POP LR1 , POP LR2 , POP ULR1 and POP ULR2 were normalized according to the subjects' body weight (BW·s 1 ).
Statistical analysis
The results are presented as means ± standard deviation (SD). Variables were not normally distributed and did not satisfy the equality 
RESULTS
Regarding the CMJ assessment among all competitive surfers (Table 2), the lone significant finding was that the males spent more time in the air than the females in CMJ FT (p < 0.01, ES = 2.17, large 
DISCUSSION
The results of the present study showed that males had higher values in CMJ FT (17.16% in all participants, 13.79% in U16, and 19.68% in O16) than females. These findings are similar to previous research, in which males were found to have higher eccentric and concentric strength and power and greater peak power during the concentric phase of the CMJ compared to females [19, 20] . Taking into account that surfing is practised under the same environmental conditions and the sport-specific requirements are the same for both sexes, Examining the relationships between the pop-up variables yielded large correlations between POP TTPU and POP LR1 (r = 0.72; ± 0.09 CL, p < 0.01, 0/0/0, most likely, very large) and POP TTPU and POP-ULR1 (r = 0.59; ± 0.12 CL, p < 0.01, 0/0/0, most likely, large) ( Figure 3B ). Additionally, significant relationships between POP LR2 and POP REACH (r = 0.52; ± 0.14 CL, p < 0.01, 0/0/0, most likely, female surfers displayed lower strength in the lower body than males.
Interestingly, one of the main findings of this study was the number of differences between sexes when separated by age groups. Males who were O16 had greater CMJ FT (19.68%) and CMJF MAX (24.01%) than females, but surprisingly we found that U16 female competitive surfers obtained superior values in the CMJF MAX than the males (21.87%) when normalized by body mass. It has been reported that earlier maturity in female junior athletes afforded advantages in measures of strength/power compared to male athletes [21, 22] . In this case male U16 surfers are reported to be taller and heavier than female surfers, suggesting that female surfers' maturity may not play an important role as suggested in other studies [21, 22] , and seems to point to a greater maturation on the part of the male surfers, which however does not manifest in an increase of the CMJF MAX . These differences are worthy of further investigation, yet should be interpreted with caution.
During the CMJ's landing phase, both U16 and O16 female athletes presented lower CMJ ULR compared to their male counterparts (60.55% and 16.23%, respectively). These values in female surfers might suggest that they are likely to have better capabilities to attenuate the landing eccentric load, which could be a positive aspect to performance in surfing.
The pop-up is a specific and highly technical movement to perform for optimal wave riding (2, 3) . The results of our study indicated that male athletes showed higher values than female athletes in POP PUSH in the "All" category (18.22%) and in the O16 category (33.66%), as previously described by Eurich et al. [3] . However, no differences were observed in POP PUSH between U16 male and female athletes.
These differences are likely due to the greater upper body strength of male surfers [3] , but are not yet differentiated in the U16 competitive surfers. During the pop-up phase, surfers are required to move ~75% of their body weight in less than a second, and therefore high levels of upper-body force production within a time constraint are critical for success [2] . In our study, the loading rate during the push-up phase was observed to be higher (56.66%) in O16 male surfers than in female surfers. This may allow for the male surfers to perform the push-up phase faster, in order to stand on the surfboard to gain a better wave position. Another objective of the current research was to determine the correlations between the lower-body strength measures of the CMJ and the ability to perform a specific movement such as the pop-up in an attempt to determine whether the pop-up is influenced by the muscle strength of the lower body. Some significant associations have been found between the CMJ and the pop-up in both concentric and eccentric phases, but these associations are either small or moderate (r = 0.30 -0.48). Although there seems to be some association between jumping (CMJ) and pop-up, the small or moderate correlations found lead us to think that they are two independent abilities.
Accordingly, the pop-up is an action that can be influenced by lowerbody strength, upper-body strength, coordination, and other aspects [2, 3] . Therefore, competitive surfers should not only train the lower-body strength, but also other skills that may influence the performance of the pop-up movement.
Previous studies have analysed the push-up movement in the pop-up [2, 3] , but the novelty of this article is the description of the discrete phases of the pop-up. Our results demonstrate that POP TTPU had a significant correlation with POP LR1 ( Figure 3A ) and POP ULR1 ( Figure 3B ). Also, correlations were found between POP LR1 and POP-ULR1 ( Figure 3E ). The relationship of POP TTPU with POP LR1 and POP-ULR1 indicates that an explosive push-up produced in a shorter time will generate higher loading and unloading rates. It stands to reason that the ability to have greater upper-body explosive power will enable surfers to launch themselves into a quicker pop-up. Additionally, significant relationships between POP LR2 with both POP REACH ( Figure   3C ) and POP LMF ( Figure 3D ) were observed. A higher peak in the POP LMF will generate a more explosive POP LR2 , as leg muscles and joints will not have to attenuate high landing force peaks, gaining more control of the surfboard in a smoother pop-up movement. In the same way, a high POP LR2 will generate a high impact peak in the POP REACH . Therefore, lower peak values will benefit the surfer in the landing phase, generating lower POP REACH peaks and higher POP LMF , allowing the surfer to gain more control of the surfboard without disturbing their buoyancy. Finally, significant relationships between POP ULR2 and POP TTS were found. A higher POP ULR2 indicates that the athlete has to attenuate higher landing impact forces for a longer time, requiring more POP TTS , in order to maintain control over the surfboard.
